SUMMARY
For more than a century, nitrous oxide has been used as an adjuvant to general anaesthesia. Nitrous oxide diffuses into air-containing body cavities faster than the effusion of nitrogen [1] . In animal experiments, the volume of gas in the bowel has been shown to increase 75-100% in 2 h and up to 200% within 4h during ventilation with nitrous oxide [2] . Abdominal distension occurs with the use of nitrous oxide for non-abdominal surgery [3] , but is not thought to affect bowel motility after operation [4] . However, it has been reported recently that the use of nitrous oxide in oxygen increases bowel distension during surgery and delays bowel function after colonic surgery [5] .
In this prospective study we have examined the effects of nitrous oxide on bowel distension during surgery and bowel function after surgery in patients undergoing colonic surgery.
PATIENTS AND METHODS
The study was approved by the regional Ethics Committee and informed consent was obtained from all patients. A total of 150 patients (ASA group I or II) entered the study; all were to undergo elective major colonic surgery. Eleven patients were excluded because the scheduled surgical procedure could not be performed. Patients were allocated randomly (balanced number of patients in each group) to two groups, one receiving nitrous oxide-oxygen during anaesthesia (n = 67) and the other receiving air-oxygen (n = 72). Patients were given a liquid diet and bowel washout was performed the day before operation. Metronidazole and ampicillin were administered routinely during surgery.
Premedication comprised diazepam 0.2 mg kg" 1 orally. Anaesthesia was induced with fentanyl 2-5 ug kg" 1 i.v. Propofol was given as a bolus dose of 1 mg kg^1. All patients breathed 100% oxygen during induction. The patient's lungs were ventilated with oxygen via a face mask until the trachea had been intubated. Tracheal intubation was facilitated by administration of pancuronium O.lmgkg"
1 . Anaesthesia was maintained with fentanyl 2-4 ug kg" 1 h~J with propofol 4-6 mg kg" 1 h" 1 in the air-oxygen group and propofol 1-2 mg kg" 1 tr 1 in the nitrous oxide-oxygen group. One group (N 2 O) underwent ventilation of the lungs with nitrous oxide in oxygen, the other group (Air) with oxygen and air. The inspiratory oxygen concentration was maintained at 30% and end-tidal carbon dioxide kept within normal limits with continuous Po 2 and Pco 2 monitoring (Normocap, Datex, Finland). Neuromuscular block was maintained with pancuronium 1-2 mg % if train-of-four showed one or two twitches. Before induction of anaesthesia, a lumbar extradural catheter was inserted and extradural bupivacaine given. After operation, extradural bupivacaine 2.5 mg ml" 1 (4-6 ml) was administered every 2 h during the first 12 h after operation. Extradural morphine 2-4 mg was administered three or four time a day for the next few days.
Before surgery, a nasogastric tube was inserted and the gastric contents aspirated, then the nasogastric tube was clamped and was aspirated only on request by the surgeon.
The surgeon, who was unaware of the gas mixture used, was asked to comment on and grade the distension of the stomach, small bowel and large bowel (0 = empty or negligible; 1 = distended; 2 = considerably distended) at opening of the peritoneum, before anastomosis, when anastomosis had been performed and just before closure of the peritoneum.
At the end of surgery, residual neuromuscular block was antagonized with neostigmine 2.5 mg and atropine 1.0 mg.
During the following 7 days, the patients were interviewed daily about nausea, vomiting and pain. The amount of aspirate and times to passage of flatus and faeces were recorded by a blinded observer. The duration of postoperative hospital stay was recorded.
Statistical analyses were performed using analysis of variance, the Mann-Whitney U test and chisquare test as appropriate. P < 0.05 was considered significant.
The sample size was calculated allowing a type 1 and type 2 error of 0.05. The minimum relevant difference between the two groups concerning bowel distension during surgery and postoperative hospital stay was 30%.
RESULTS
The two groups were comparable in sex, age, weight, height and duration of anaesthesia (tables I-III). At no time during operation were there any significant differences between the two groups in the surgeon's estimate of bowel distension (table IV). The need for postoperative analgesics was similar in the two groups. The median (range) duration of extradural morphine was 5 (1-15) days in the N 2 O group and 5 (1-16) days in the Air group. Other analgesics (paracetamol or morphine) were needed for 2 (0-18) days in the N S O group and 1 (0-16) days in the Air group. There were no differences in frequency of postoperative complications (anastomotic leakage and obstructive ileus) six of 67 patients in the N 2 O group and three of 72 patients in the Air group. There were no significant differences between the groups in the incidence of nausea or vomiting.
There were no differences in recovery of bowel function; flatus was passed after 3 (2-6) days vs 3 days (2-7) days in the N 2 O and the Air groups, respectively. For passing of faeces, the corresponding figures were 4 (3-7) days in both groups.
There were no differences between groups in the duration of postoperative hospital stay (10 (6-46) days in the N 2 O group and 11 (6-36) days in the Air group).
DISCUSSION
The delay in bowel motility after abdominal surgery is associated with several factors, for example surgical technique, trauma, infection, electrolyte disturbances and stress hormones. In addition, the anaesthetic technique and opioids used for postoperative analgesia influence bowel function, although this effect is small compared with the effect of surgery [4, 5] . The use of nitrous oxide in this study did not alter either operating conditions in terms of distension of the bowel or postoperative bowel function. This is in agreement with the findings of Jensen and colleagues [6] and Karlsten and Kristensen [7] who investigated operating conditions during colonic surgery and lower abdominal surgery, respectively, but not with the observation of Scheinin, Lindgren and Scheinin [5] that use of nitrous oxide during colonic surgery resulted in considerable distension of the bowel BRITISH JOURNAL OF ANAESTHESIA during operation and prolongation of the postoperative hospital stay. The design of our study was comparable to the last in respect of the patients included, preoperative regimen and types of operation, but there were three differences, namely preoperative gastric emptying, duration of surgery and anaesthesia and postoperative pain management.
In our study a nasogastric tube was passed after induction of anaesthesia and the contents (fluid and gas) of the stomach reduced as much as possible. In the study by Scheinin's group [5] , 200 ml of air was instilled into the stomach after induction of anaesthesia. As the magnitude of volume change relates to the initial amount of bowel gas present [2] , this procedure could lead to a four-fold increase in bowel gas volume-that is, to 1000 ml.
Our patients were exposed to nitrous oxide for approximately 100 min less than the patients in Scheinin's study. As the magnitude of intestinal distension is related to the alveolar partial pressure of nitrous oxide and duration of exposure to nitrous oxide [2] , this may explain the difference in results.
We have used a lumbar extradural catheter and the sympathetic block was extended 12 h after operation. None of the above mentioned studies included this procedure, either before or after operation. The use of extradural morphine during the period after operation has been shown not to have any difference in effect on bowel function compared with parenteral administration of opioids [8] . This is supported by our failure to detect any difference in the mean time for passage of first flatus and faeces compared with the other studies.
During surgery, the manipulation of intestines may initiate reflex sympathetic impulses, with the possibility of causing unequal intestinal blood perfusion. Extradural sympathetic block reduces this effect [7] and increases blood flow, leading to faster equilibration of gases [2] . Hypocapnia reduces intestinal blood flow, while hypercapnia has the opposite effect [9] , but our patients were kept normocapnic throughout the operation.
We conclude that the use of nitrous oxide during elective colon surgery does not alter either operating conditions or postoperative bowel function, provided duration of exposure to nitrous oxide is less than 2-3 h.
